Effective fragment potentials and the enzyme active site.
Optimization of the binding conformation of a substrate in an enzyme active site using ab initio quantum chemistry methods are intractable since the active site comprises several hundred atoms. However, the active site can be decomposed into an active and spectator region where the spectator residues are represented by effective fragment potentials and reducing the number of all-electron atoms involved in the chemistry to a reasonable level. The effective fragment potentials for electrostatics and polarization are implemented in GAMESS but the repulsive and charge transfer potentials are fit to interaction energies of water with models of the residues. These repulsive/charge transfer potentials are generated for the protein residues and the EFP are then used to optimize binding of a transition state analogue to chorismate mutase (B. subtilis) and small dianions to ribonuclease A. For chorismate mutase the calculated binding conformation compares well to the comparable X-ray structure. The binding of the inhibitor to the glutamate/glutamine mutant active site is then predicted with the optimization including the glutamine residue constrained only at the C alpha atom. The binding conformations suggest important roles for tyr108 and arg63, which have not been noted earlier. The electrostatic stabilization of the transition state by the active site charge distribution has to be augmented by a specific electronic activation by glu78. In ribonuclease A, the protons are found to move to provide a clustering of the charges to bind the small dianions, phosphate, thiophosphate, and sulfate.